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【論文の内容の要旨】 
Light induced water splitting is the fundamental process that converts light in to useful 
solar energy, one of the most desired processes to be realized in artificial photosynthesis, 
which attracts extensive attention on the perspective of expedition for renewable energy 
sources. Water oxidation can be achieved by various approaches, among them two 
electron activation of water found to be an alternative method to overcome the 
“photon-flux-density” problem in multi electron process. We are currently working on 
one photon induced two electron activation of water upon light irradiation using various 
kinds of metalloporphyrins as the sensitizer. Design of catalyst and selection of metal 
ion should be a crucial factor on the view point of realization of practical artificial 
photosynthetic units. 
 
In this context, I have chosen earth most abundant metal aluminum as the metal ion in 
the metalloporphyrin. I have synthesized various kinds of aluminum porphyrins by 
novel one pot heterogeneous synthesis and well characterized. The aluminum 
porphyrins can have two axially ligated water molecules, which can undergoes 
reversible multi protolytic reactions afforded five species according to pH. In the case of 
AlTPyP, which is able to afford another four species owing to the stepwise 
protonation/deprotonation on the peripheral pyridyl groups. All the species shows 
distinct photo-electrochemical and structural properties. 
 
Photooxygenation of substrates was studied by using AlTMP as the sensitizer in 
presence of K2PtCl6 as the sacrificial electron acceptor. Two electron activation of 
water by one photon excitation of AlTMP generated oxygenated products of various 
alkenes; product selectivity varied based on the concentration of OH- ion in the reaction 
system. Photoreaction causes minor decomposition of sensitizer, mainly the sensitizer 
without protecting groups at the ortho-position of the aryl groups present at the meso 
position. 
 
In order to protect the molecule from the decomposition, I have developed various 
supramolecular systems through non-covalent interactions and confinements with 
various host molecules. In this system, the meso substituents on the porphyrin ring are 
selectively capped by Cyclodextrins or Cucurbiturils. Such kind of interaction allows 
the formation of different stoichiometric proportions of inclusion complexes depends on 
the concentration of hosts, generally 1:1 to 1:4. Fine crystals of AlTPyP@TMβCD were 
successfully collected and analyzed by x-ray crystallography reveals that even 1:2 
supramolecular systems should be capable of protecting the catalyst from the 
decomposition and can be used in the densely packed states, where the hosts will 
prevent the self-aggregations. 
 
On the basis of photooxygenation and electrochemical investigations of water activation 
by aluminum porphyrins, currently I am carrying out the systematic observation of 
intermediates involved in the water activation on semiconductor hybrid system using 
ultra-fast pump-probe technique. In conclusion, the developed alternate water activation 
system should be a promising approach towards the realization of earth abundant metal 
based artificial photosynthetic system. 
